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This study showed for the ﬁrst time changes in the reproductive biology of Biomphalaria glabrata exper-
imentally infected with Angiostrongylus cantonensis. The values of all the parameters analyzed (total num-
ber of eggs, number of egg masses, number of eggs/mass, number of eggs/snail, percentage of viable eggs
and galactogen content in albumen gland) changed with progressive infection. The results indicate the
occurrence of partial parasitic castration of B. glabrata by A. cantonensis larvae, probably in response to
the depletion of energy reserves, with no injuries to the gonadal tissues.
 2011 Elsevier Inc. Open access under the Elsevier OA license.1. Introduction
Angiostrongylus cantonensis is a nematode parasite of rodent
lungs and is considered the main agent responsible for human
eosinophilic meningoencephalitis. Its life cycle is heteroxenous,
with snails as intermediate hosts. This initial phase is essential
for the parasite’s development, enabling it to reach the stage where
it can infect the deﬁnitive host (Stewart et al., 1985).
In recent years, much attention has been given to the clinical as-
pects and the risk of human infection by A. cantonensis in countries
of the Americas (Thiengo et al., 2010). In accordance with World
Health Organization recommendations (WHO, 1983), the develop-
ment strategies to control diseases that are transmitted by snail
hosts should be based on control of the snail population as well
as treatment of infected animals and humans. So, understanding
the changes in the reproductive biology of snails infected with A.
cantonensis is essential for developing effective methods against
the spread of human eosinophilic meningoencephalitis. However,
it is surprising that studies of the reproductive activity of A. canton-
ensis-infected snails have not yet been conducted, since this para-
site has great importance to public health and the response to
infection is highly variable among snail species infected by differ-
ent helminths (Tunholi et al., 2011). To shed light on this subject,
the present study analyzed for the ﬁrst time, the changes in the
reproductive biology of Biomphalaria glabrata caused by infectionsevier OA license.by A. cantonensis during its prepatent period (3 weeks of infection)
(Guilhon and Gaalon, 1969), using the parameters total number of
eggs, number of egg masses, number of eggs/mass, number of eggs/
snail, percentage of viable eggs, and galactogen content in albumen
gland, as well as the histological status of the gonad (ovotestis of
infected snails). The different mechanisms possibly related to this
phenomenon are also discussed.2. Material and methods
2.1. Maintenance of the snails and formation of groups
The snails were kept in aquariums containing 1500 ml of
dechlorinated water, to which 0.5 g of CaCO3 was added. Polysty-
rene plates measuring ±2 cm2 were placed inside the aquariums
to serve as substrate for egg laying. The snails were fed with dehy-
drated lettuce leaves (Lactuca sativa L.) ad libitum.
Six groups were formed: three control groups (uninfected) and
three treatment groups (infected). Each aquarium contained 10
snails, reared in the laboratory from hatching to be certain of their
age and sexual maturity. The entire experiment was conducted in
duplicate, using a total of 120 snails.2.2. Parasites
Third-stage larvae (L3) ofA. cantonensis, obtained fromspecimens
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the home of a human patient diagnosedwith eosinophilicmeningo-
encephalitis, were inoculated in Rattus norvegicus in the Laboratório
Nacional de Referência em Malacologia Médica and Laboratório de
Patologia do Instituto Oswaldo Cruz (Fiocruz, RJ, Brazil), where the
cycle is maintained.
The ﬁrst-stage larva (L1) utilized in this study were obtained
from this experimental cycle maintained in the mentioned
laboratories.
2.3. Infection of the snails
The feces of parasitized R. norvergicus were collected to obtain
the larvae by the technique of Baermann (Willcox and Coura,
1989). After processing the fecal samples, specimens of B. glabrata
(8–12 mm) at 90 days old on average were exposed individually to
approximately 1200 L1 larvae (Yousif and Lammler, 1977). After
48 h the snails were transferred to the aquariums.
2.4. Analysis of the reproductive biology of B. glabrata infected by
A. cantonensis
The polystyrene plates were removed from the aquariums and
the numbers of egg masses and eggs laid were counted under a ste-
reoscopic microscope on alternate days until three weeks after
infection. After the count, the plates were numbered individually
and placed in new aquariums free of snails. Then the egg masses
were observed to count the snails hatching. The egg viability, ex-
pressed as a percentage, is the number of snails hatched divided
by the number of eggs laid in each experimental group, multiplied
by 100 (Tunholi et al., 2011).
2.5. Galactogen determination
Each week after infection, ten specimens from each group were
randomly chosen, dissected and the albumen gland was collected
and maintained at 10 C. Galactogen was extracted and quanti-
ﬁed according to Pinheiro and Gomes (1994), being expressed as
mg of galactose/g of tissue, wet weight.
2.6. Histological analyses
Snails from each period of infection were dissected and trans-
ferred to Duboscq-Brasil ﬁxative (Fernandes, 1949). The soft tis-
sues were processed according to routine histological techniques
(Humason, 1979). The sections (5 lm) were stained using hema-
toxylin and eosin and observed under a Zeiss Axioplan light micro-
scope; images were captured with an MRc5 AxioCam digital
camera and processed with the Axiovision software.
2.7. Statistical analyses
The results were expressed as mean ± standard error and sub-
mitted to one-way ANOVA and then the Tukey–Kramer test
(P < 0.05%) to compare the means (InStat, GraphPad, v.4.00, Prism,
GraphPad, v.3.02, Prism Inc.).
3. Results
The infection reduced the number of egg masses/snail of the in-
fected snails (12.18 ± 1.82) in comparison with the control/unin-
fected animals (23.32 ± 1.37) from the second week of infection.
The same variation was observed in relation to the number eggs/
snail, with a gradual decline in the oviposition rate as the infection
progressed. Signiﬁcant declines were observed in the second and
Fig. 1. Histological section in the ovotestis region of Biomphalaria glabrata. (a) Section from an uninfected snail showing the ovotestis region functionally active, with the
structure of the acinus (a) containing sperm grouped by the anterior end (heads) (sh) and the tail (t) projected to the lumen of the acinus. Scale bar = 50 lm. (b) Histological
section of ovotestis region of a snail experimentally infected with Angiostrongylus cantonensis, showing a region of the gonad with an active process of gametogenesis, with
the sperm grouped by the head region (sh) and the tail (t) projected to the lumen of the acinus (a) and the complete absence of larval nematodes developing in this region.
Scale bar = 50 lm.
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comparison with the control (313.12 ± 21.97 and 315.29 ± 23.54).
Also, there was a reduction in the average eggs/egg mass ratio dur-
ing the infection period. However, only the values referring to the
second and third weeks (9.73 ± 0.78 and 9.60 ± 0.76, respectively)
differed signiﬁcantly from the uninfected group (15.19 ± 1.25 and
16.86 ± 1.18, respectively). At the same time, there were differ-
ences in relation to the hatching rate, these being signiﬁcantly low-
er starting in the second week of infection (134.36 ± 18.44),
representing a viability rate of 85.53% in relation to the control
group, where the rate was 97.98% (Table 1).
The galactogen content also decreased from second week post-
infection onward in the infected snails (0.38 ± 0.07) in relation to
the uninfected ones (0.59 ± 0.05). A similar proﬁle was observed
for the third week after infection (Table 1).
The histological analyses did not show signiﬁcant changes in
the gonadal tissues of the infected snails when compared to those
from uninfected snails (Fig. 1a and b). In both, the structure of the
ovotestis seemed to be preserved, where the process of gametes
formation was evident, showing a functional structure of this
organ.4. Discussion
Studies focusing on infection with trematodes were the ﬁrst to
report a severe decrease of reproductive activity in the intermedi-
ate snail host, an effect named parasitic castration (Koie, 1969).
The changes in the reproductive biology are usually described by
observing parameters related to ovipository activity and viability
of eggs laid. But indications of the mechanism that triggers para-
sitic castration can be obtained using different investigative tools.
Baudoin (1975) stated that parasitic castration may be a direct pro-
cess, whereby the parasite directly causes damages to gonadal tis-
sues, or an indirect process, in response to withdrawal of nutrients
by the parasites. So, to obtain information that may indicate the
mechanism involved in the parasitic castration, histological analy-
ses were performed to verify the presence of larvae in gonadal tis-
sues. In addition, the galactogen content in the albumen gland was
measured because this is an accessory sexual organ that synthe-
sizes this polymer, which is part of the perivitelinic ﬂuid, the main
energy source to the embryos and newly hatched snails (Gomot
et al., 1989). Reduction in the galactogen concentration will impair
the hatching rate, characterizing the parasitic castration as a nutri-
tional process.
In the present study, a continuous reduction of the parameters
analyzed regarding the reproductive biology of B. glabrata infected
with A. cantonensis was observed. But complete interruption ofreproductive activity did not occur, characterizing a partial
parasitic castration phenomenon in this parasite–host system. Har-
ris and Cheng (1975) observed encapsulated nematodes in the
mantle and cephalopedal mass of B. glabrata infected with A. can-
tonensis, but there was no histological damages in reproductive
system tissues. In the present study, the histological observation
also did not show larvae of A. cantonensis in the gonadal tissues
of B. glabrata.
Our results evidence a progressive reduction in the galactogen
contents, with signiﬁcantly lower values in the second and third
weeks of infection, clearly showing that the larval development
of A. cantonensis causes changes in the energetic metabolism of B.
glabrata, corroborating the results of Brockelman et al. (1976)
and Brockelman and Sithithavorn (1980), which showed a reduc-
tion in protein, glycogen and glucose concentrations in A. fulica in-
fected with A. cantonensis. The reproductive parameters analyzed
were related with a decrease of galactogen content in the albumen
gland in infected snails, which occurred from second week post-
infection, compromising the number of eggs laid, hatching rate,
number of egg masses and egg viability. So, the castration in this
system may be considered an indirect effect.
Finally, for the ﬁrst time the effects of A. cantonensis infection on
the reproductive biology of B. glabrata was studied and the para-
sitic castration phenomenon was reported, being classiﬁed as an
indirect and partial process. Nevertheless, the lowest values were
observed only from the second week post-infection, suggesting
that the pathological effects produced by nematode larvae on the
reproductive biology occur at this time, and can be explained at
least in part by a decrease in the galactogen content in the albumen
gland of infected snails. However, further studies must be con-
ducted to clarify the metabolic changes that occur in the snail host
in response to larval nematode infection, to gain a better under-
standing of the mechanisms involved in this process.Acknowledgments
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